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(54) MANUFACTURING PROCESS FOR MIXED 
NUCLEAR FUEL PELLETS 




(71) We, BELGONUCLEAIRE S.A., 
a Belgian Body Corporate, of me des 
Colonies 35, B-1000, Brussels, Belgium, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 
This invention relates to a process for pro- 

10 during nuclear reactor fuel, and particularly 
compressed mixed fuel comprising fertile and 
fissile material. 

Such compressed fuel, generally manufac- 
tured from ceramic powders such as, for ex- 

15 ample, oxides, carbides or nitrides or ura- 
nium, phitonium or other transuranian ele- 
ments, will be hereinafter designated by the 
word "pellets". Ceramic pellets are gener- 
ally prepared according to a method inriud- 

20 ing the steps of pelletizing a raw material, 
sintering the raw pellets and machining the 
sintered pellets in order to comply with the 
very strict specifications set by clients. 
In the case of mixed ceramic pellets, these 

25 steps are preceded by a proportioning and 
mixing of the raw powders. All parameters 
connected with these steps must be scrupe- 
ously observed in order to manufacture pellets 
in a reproducible way. Indeed, if one of 

30 the characteristics of the raw powder or of 
the mixing, sintering or pelletizing condi- 
tions changes slightly during the production 
of a batch of pellets, the products obtained 
will not be uniform. 

35 During the manufacture of a batch of pel- 
lets, some pellets are however rejected be- 
cause of flaws, and should preferably be re- 
cycled. This need for recycling is more evi- 
dent, when the mixed ceramic pellets com- 

40 prise fertile and fissile material, because 
otherwise the fissile material would have to be 
stored. This scrap, i.e. the rejected pellets, 
may easily be recycled after being submitted 
to an appropriate mechanical and/or thermal 

45 treatment, transforming them into a powder 
which may be added to the raw powder. If, 
however, the characteristics of the recycled 

p— - 



powder are different from those of the raw 
powder, all other parameters and characteris- 
tics remaining the same, the percentage in 
weight of recycled powder to be added to 
the raw powder should be well defined and 
constant, in order to obtain sintered pellets 
with reproducible characteristics. 

If the characteristics of the recycled pow- 
der are different from those of the raw pow- 
der, during the production of a batch of 
pellets of a certain type, the following pro- 
cedures may be adopted: 

1) prepare the pellets of a batch starting 
from fresh powder only and recycle the 
scrap after the fabrication cycle by modi- 
fying one or several fabrication para- 
meters. This process, however, implies 
a supplementary adjustment, as well as 
the storage of fissile material; 

2) systematically break up, at the begin- 
ning of an operational process a sufficient 
quantity of sintered pellets in order to 
have available, from the initial produc- 
tion, an amount of recycled powder 
which enables the adoption of one and 
the same fabrication technique without 
modifying the parameters. This tech- 
nique is, however, expensive and should 75 
be avoided when the pellets contain fis- 
sile material. 

It is an object of this invention to provide 
a manufacturing process for mixed ceramic 
pellets which enables the provision, during 
the fabrication of a batch of pellets, of the 
same percentage by weight of recycle powder 
m the fresh powder without for this purpose 
breaking down pellets at the beginning of the 
cycle. 

According to the invention in a process 
for producing mixed ceramic pellets consist- 
ing of fertile and fissile material, including 
the steps of proportioning the constituent 
powders, mixing said powders, pelletizing 
the mixture and sintering the pellets thus 
obtained, the fabrication scrap is recycled 
and added to the constituent powders, and 
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the percentage (by weight) of recycled pow- 
der in the constituent powders is maintained 
constant by substituting for the recycled pow- 
der derived from the fabrication scrap, both 

5 at the beginning of the fabrication proce- 
dure and during said procedure, when there 
is a lack of recycled powder derived from 
fabrication scrap, an amount of recycled 
powder derived from a similar fabrication of 

10 pellets consisting only of fertile material. 
During the fabrication cycle, the fertile 
material will be gradually replaced by mixed 
recycled powder in proportion to the avail- 
able quantities of scrap, without, however, 

15 exceeding the total percentage of recycled 
powder predetermined at the beginning of 
the fabrication procedure. In order to have 
available, during the whole fabrication pro- 
cedure, recycled powder having the same 

20 characteristics, recycled powder derived from 
the fertile constituent only is prepared in 
advance by a process which is the same as 
for the fabrication cycle. 
This method thus allows the fabrication 

25 scrap to be recycled as it is obtained, no 
matter how much there may be, without 
being obliged to store scrap containing fis- 
sile material or to break down good pellets. 
This process moreover, allows a complete 

30 batch of pellets to be manufactured without 
scrap and without having to modify the para- 
meters during the procedure. 

The invention will hereinafter be described 
in more detail with reference to a non-limi- 

35 tative example. Before starting a fabrication 
process of a 4 ton batch of pellets with a 
density of 93% of the theoretical density 
and comprising 96% uranium oxide and 4% 
plutonium oxide, 50 kg uranium oxide pellets 
40 of the same density are prepared. 

Indeed, on a 4 ton production, the total 
amount of rejected pellets may be estimated 
at 5%, i.e. 200 kg. In order to recycle this 
200 kg of scrap according to the process 
45 of the invention, within the fabrication pro- 
cedure as it is formed, about 50 kg scrap 
comprising only uranium oxide will be 
needed. 

a) Fabrication of uranium oxide scrap. 

50 Uranium oxide powder with a specific sur- 
face of 3 m'/g, an apparent density of 2 
g/cm 3 , and a granulornetry below 100 mic- 
ron, is compressed with the help of a mech- 
anical press, at a pressure of 3 t/cm 3 into 

55 pellets with a green density of 5.5 g/cm . 
These pellets are then sintered for four hours 
in an oven at a temperature of 1650° C and 
in an argon atmosphere containing 5% hydro- 
gen. The pellets thus obtained have a density 

60 of 93% of the theoretical density. 50 kg of 
these pellets are ground, first in a hammer- 
mill and afterwards in a conical ball mill, in 
order to obtain a powder with a granulornetry 
of less than 80 micron, a specific surface of 



1 m'/g and an apparent density near to 65 
2.5 g/cm 3 . 

b) Fabrication of UO?— PuO* pellets. 
These pellets are manufactured starting 

— U0 2 powder with a specific surface of 70 
3 rrf/g, an apparent density of 2 g/cm s , and 
a granulornetry of less than 100 micron, 

— Pu0 2 powder with a specific surface of 
8 m*/g, an apparent density of 2 g/cm 3 , and 
a granulornetry below 50 micron, 75 
— recycled powder. 

In order not to be obliged to change the 
parameters during the process, the fabrica- 
tion procedure starts with the following pro- 
portions of the constituent powders: 80 

—5% (by weight) of recycled UO. powder 
manufactured according to a) above; 
—91% by weight of fresh UO, powder; 
—4% by weight of fresh PuO. powder. 
These constituents are mixed and homo- 85 
genized in a screw-mixer. The mixed powder 
is then compressed at 3 t/cm ! in a mechanical 
press into pellets with a green density of 
5.5 g/cm 3 . The obtained pellets are sintered 
for four hours in an oven at 1650° C, under 90 
argon containing 5% hydrogen. These pellets 
which wOl then have a density of 93% of 
the theoretical density, are subjected to severe 
control. 

The pellets rejected for surface flaws or 95 
for non-conformity with the specified dia- 
meter or density, are ground as they appear, 
with the same equipment used for the grind- 
ing of the U(X pellets according to a) above 
(hammer-mill and conical ball mill), in order 100 
to obtain a fine powder containing 96% UO, 
and 4% PuO s . The characteristics of this 
powder are almost identical with those of 
the recycled pure UO, powder (granulornetry 
below 80 microns, specific surface 1 rtf/g, 105 
apparent density 25 g/cm 3 ). 

The recycled powder is added in propor- 
tion as it is obtained to the mixture of fresh 
UO. and Pu0 2 powder, as a substitute for 
the recycled UO. and in a maximum amount HO 
of 5%. 

During fabrication, after the production of 
100 kg, the initial mixture is modified in 
the following way: 
—2% in weight of recycled UO s powder; 
—91.12% in weight of fresh UO, powder; 
—3.88% in weight of fresh Pu0 2 powder; 
—3% in weight of recycle UOr-PuO* 
powder. 

If, during the production, the quantity of 12° 
scrap increases, die proportioning of the mix- 
ture may be modified by adding an amount 
of 5% recycled UO*— PuO» powder. The 
mixture will then consist of: 
— 91.2%' in weight of fresh UO s powder; 125 
—3.8% in weight of fresh PuO powder; 
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—5% in weight of recycled UOi— Pu0 3 

Thus the 4 ton pellets have been manufac- 
tured without changing the parameters influ- 
5 encing the fabrication, and with a constant 
quantity of recycled powder. 

The process of the present invention des- 
cribed above is in no way limitative and obvi- 
ously modifications may be incorporated with- 
10 in the scope of the invention. 

WHAT WE CLAIM IS:— 
1. A process for producing mixed ceramic 
pellets consisting of fertile and fissile material 
including the steps of proportioning the con- 

15 stituent powders, mixing said powders, pel- 
letiaing the mixture and sintering the pellets 
thus obtained, wherein fabrication scrap is 
recycled and added to the constituent pow- 
ders and wherein the percentage by weight 

20 of recycled powder in the constituent pow- 
ders is maintained constant by substituting for 
the recycled powder derived from the fabri- 
cation scrap bom at the beginning of the 
fabrication procedure and during said pro- 

25 cedure when there is a lack of recycled 
powder derived from fabrication scrap, an 
amount of recycled powder derived from a 
simlar fabrication of pellets consisting only 
of fertile material. 

30 2. A process for producing mixed ceramic 
pellets according to claim 1, wherein the 



recycled powder derived from die fabrica- 
tion scrap is added to the constituent pow- 
ders as it is obtained. 

3. A process for producing mixed ceramic 35 
pellets, according to claim 1, wherein the 
production starts by adding to the constitu- 
ent powders a predetermined percentage of 
recycled powder derived from pellets, con- 
sisting only of fertile material, and wherein, 40 
as soon as fabrication scrap is obtained, the 
recycled powder from the pellets comprising 
only fertile material is replaced at least in 
part by powder derived from the fabrication 
scrap. 45 

4. A process for producing mixed ceramic 
pellets according to any of the preceding 
claims, wherein the pellets comprise a mixture 
of uranium oxide and plutonium oxide. 

5. A process for producing mixed ceramic 50 
pellets consisting of fertile and fissile material 
substantially as hereinbefore described. 

6. Ceramic pellets consisting of a mixture 
of fertile and fissile material produced 
according to the process claimed in any one 55 
of the preceding claims. 

WITHERS & ROGERS, 
Chartered Patent Agents, 
148—150 Holborn, 
London, EC1N 2NT, 
Agents for the Applicants. 
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(54) OlOCOB nOJlYHEI-Mfl rOMOrEHHOTO flAEPHOTO TOn/lMBA 



(57) 

M3o6peTeHne othocmtch k o6nacTM aroMHofl 
TexHMKH n Nioxcer 6biTb ncnorib30BaHO Ann 
nonyMeHun raMoreHHoro HAepHoro TorviMBa W3 
CMecu okcmaob ypaHa n nnyTOHnn. Cnoco6 
BKHKwaeT aarpysKy b KaMepy nopoujKOB okcmaob 
ypaHa w nnyTOHMH m MamnTHbix urn, 
CMeujMBaHne nopoujKOB okcmaob ypaHa v\ 
nnyTOHMfl c noMOiAbio MamMTHbix wm, 
npeccoBaHne nonyMeHHOM CMecu nopoujKOB b 
Ta6neTKy h cneioHMe TaCneTOK. MamnTHbie 
umbi nepeMemaioTon b KaMepe noA 
B03AeficTBweM nepe«eHHoro MamMTHoro norm. 
KaMepy aancuiHJwoT Ha 70 - 90% ee ofoeMa 
nopouiKaMM okcmaob ypaHa, nnyTOHMH m 

MarHMTHbIMM MmaMM. npM 3TOM OTHOUJeHMe 

cyMMapHOM Maccbi nopoujKOB okcmaob ypaHa m 
nnyTOHMfl k Macce MamMTHbix Mm 3aAaioT ot 
0,30 ao 0,65, npeMMymecTBeHHO ot 0,40 ao 
0,50. 3aTeM KaMepy BMecTe c nopoujKaMM m 
MarHMTHbIMM MrjiaMM noABepraioT mycoKOMy 



oxnaxAeHMio m npo boast 
nopoujKOB. TexHMnecKMM peayribTaT: 
flucnepcHOCTM, paBHOMepHocrw 
nepeMeujMBaHMfl, HacbinHOM Maccbi m TeKyHec™ 
npecc-nopoiLKa. ynyHweHMe 3tmx 

xapaiaepMCTMK noBuwaeT npoM3BOAMTenbHOCTb 
npoi^ecca m ooecneMMBaeT AAepHyio 
6e3onacHOCTb npM CMeujMBaHMM. 6 3.n. $-nbi, 2 
mji., 1 Ta6n. 
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(57) Abstract: 

FIELD: atomic engineering; nuclear fuel 
production from mixture of uranium and 
Plutonium oxides. SUBSTANCE: method 
includes charging the chamber with uranium 
and plutonium oxide powders and magnetic 
needles, mixing up these powders by means of 
magnetic needles, compressing mixture 
obtained to form pellets, and sintering the 
pellets. Magnetic needles are moving within 
chamber under action of variable magnetic 
field. Uranium and plutonium oxide powders 
and magnetic needles fill up to 70-90% of 
chamber volume. Ratio of total mass of 
uranium and plutonium oxide powders to that 
of magnetic needles is set between 0.30 and 
0.65, mainly between 0.40 and 0.50% Then 
chamber filled with powders and magnetic 
needles is subjected to deep chilling and 



powders are mixed up. In the process powders 
are finely dispersed, loose mass is 
uniformly mixed up, and fluidity of molding 
powder is increased. EFFECT: enhanced 
process efficiency, improved nuclear safety 
for personnel engaged in mixing up powders. 
6 cl, 2 dwg, 1 tbl 
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H3o6peTeHne OTHOCMTcn k oojiac™ aTOMHOM 
TexHMKM m Moxer 6wTb ncnonb30BaHO Ann 
nonyMeHMH roMoreHHoro HAepHoro TonnuBa M3 
cm ecu okcmaob ypaHa v\ ruiyTOHun o 
coflepacaHHeM nnyroHMn ot 1 ao 40 Mac.% Ann 
fiflepHbix peaKTopoB Ha 6biCTpbix m TenjioBbix 
HeRTpoHax (MOX-TonnuBa). M3o6peTeHne 

MO>KeT 6blTb MCDOJ1b30BaHO B npOHSBOflCTBe 

Ta6neTOK TennoBbiAennioiUMX aneMeHTOB 

aKTMBHblX 30H A3C. 

TexHOJiorun M3roTOBJieHnn Ta6neTOK 
OKcuAHora AAepHoro ToruwBa coctomt M3 
onepauMfl, CBn3aHHbix c noAroraBKOfl 
npecc-nopowKa, onepauMM npeccoBaHun 
Ta6neTOK m onepaijMM cneKaHnn TaojieraK b 
BOCcraHOBMTe/ibHOM aTMoafeepe. 

ripn M3roToaneHMM Ta6neTOK TonnuBa M3 

HSCKOJlbKMX KOMnOHeHTOB, HanpMMep M3 OKCMflOB 

ypaHa n nnyraHMn, noflroTOBKa npecc-nopowKa 
BKnionaeT onepaunio CMewMBaHMn 
KOMnoHeHToa. Or 3to« onepaL(MM 3aBMcnT 
MHon/ie xapaicrepMCTMKH roTOBofl Ta6neTKM m b 
nepByio onepeAb roiworeHHOCTb TBepAoro 
pacTBopa (U,Pu)0 2 , nnoTHOCTb, BeriMMMHa 
aepHa, MMKpocTpyioypa. 

M3BecTeH cnoco6 nonyneHMn Ta6neTOK 
MOX-TonnwBa, cocTonuiMM noATOTOBKH 
npecc-nopoaiKa nyTeM CMeujMBaHMn okchaob 
ypaHa n nnyTOHMn, npeccoBaHMn nopoiiJKa m 
cneKaHMfi nonyHeHHbix raSneTOK, npn kotopom c 
qenbio 6onee pasHOMepHoro pacnpeAeneHun 
kom noHeHTOB b npecc-nopoiuKe npo boast 



MenbHuqe /MoxoBa B.A. 

npOMblWJieHHOe npOM3BOACTBO m onwT 

3KcnnyaTai4nn (U, Pu)C>2 - Ton/iMBa b 
peaiaopax LWRM. MHHUATOMMHCfcopM. - 1991, 
BbinycK 20, c.26 n 27/. 

H3BecTeH Taiotce cnoco6 M3roTOBneHnn 
Ta6neTOK Ann tbsjiob peaiaopoB Ha TenjioBbix 

HeflTpOHaX H3 (U, Pu)02, BKHKMaiOlAMM 

npeABapnTenbHoe nepeueiukiBaHkie nopoujKOB 
okcmaob ypaHa m nnyTOHkin b V-o6pa3HOM 
CMecMTene n pa3MO/i CMecu b TeneHkie 20 nacoB 
b wapoBOM mtim mojiotkoboR Me/ibHune c 
nocneAyioiuMMH onepaminMW npeccoBaHkin 
nonyMeHHofi cmsch n cneKaHMn Ta6n©TOK 
/PeiueTHMKOB <t>.r., 5w6MjiaLJBnnn IO.K. m AP- 
Pa3pa6oTKa, npon3BOACTBO m 3KcnnyaTamifl 
TennoBUAennioinMX sneMeHTOB 3HepreTMHecKvix 
peaicropoB. B 2 kh. Kh. 1. -M.: 
3HeproaTOMM3AaT, 1995, c. 110/. 

OflHaKo c noMotAbio 3thx cnocoooB He 
yAaeTcn APCTMHb paBHOMepHoro 
pacnpefleneHMfl KOMnOHeHTOB b npecc-nopowxe, 
m b CTpyinype cneneHHbix Ta6neTOK 
Ha6jiK)AaeTcn Hannnne AByx cpa3. Tawe 
Ta6neTKM He pacTBopnioTcn noriHOCTbio b 
a30THOiS KucnoTe, hto ocjiokhhgt peanM3aijMio 
3awKHyToro HMKna. 

Han6o/iee 6jim3Kmm TexHUHecKUM peiueHneM 
k 3ananeHHOMy cnocooy nanneren onoco6 
nojiyneHMn roworeHHoro HAepHoro TonnuBa M3 
cm ecu fluoKCufloB ypaHa m nnyTOHkin Ann 
M3roTOBneHnn Ta6neTOK, BioiKwaiomMM 
noAroTOBKy npecc-nopoujKa nyTeM CMeujMBaHMn 
KOMnOHeHTOB B BuxpeBOM cjioe, npeccoBaHne v\ 
cneKaHne TaSneroK /naTeHT RU 2122247, 
MKH 6 G 21 C 21/00 - nporaTMn/. BuxpeBoB 
cnoft co3AaeTcn 3a cneT xaoTHMecKoro 
nepeMemeHMn MamHTHbix urn b nepeMeHHOM 
MamnTHOM none, KOTopue, yBJiexan c coobfl 

HaCTMLlbl nODOUJKOB OKCMAOB, OAHOBDeMeHHO He 

ToribKO nepeMetiiMBaioT nopoujKM, ho m 
M3MeribHaioT wx, ynnoTHnioT m aKTMBMpyioT 



noBepxHOCTb nacTnn nopoiiJKa. CMeiunBaHne 
nopoiuKOB npoM3BOAnT b paocmeM oGbeMe 
CMecMTenn minMHAPMMecKOM cpopMU, b KOTopuW 
noMemaioT MamnTHbie Mrribi. PaooHMR o6i>eM 
CMecMTenn 3anoriHnK3T Ha 50 - 70% cMecbio 
AMOkcmaob ypaHa m nnyTOHMn. 

H3BecTHbiM cnoco6 MMeeT cneAytomne 
HeAOCTaTKM. Y3Kan paooMan 30Ha CMecMTenn 
(30Ha nepeMeHHoro MamnTHoro nonn), mto 
Bbi3biBaeT Heo6xoAMMOCTb b nponecce 
nepeMeuiMBaHirin npon3BOAHTb 
B03BpaTHO-nocTynaTeribHbie AsuxeHun 
paobHero o6-beMa, npeACTaannromero co6om 

repMeTMHHO 3aKpblTNM miHMHAP, HTO B CBOK) 

onepeAb MOxeT npuBecTM k HeAocTaTOMHOfl 
roMoreHHOCTn nepeMeiiJMBaHMn KOMnOHeHTOB. 
UnjiMHAPMMecKan cpopMa paooMera o6i>eMa 
HaicnaAbiBaeT orpaHMHeHun Ha sarpysKy 

KOMnOHeHTOB C TOHKM 3peHMfl nAepHOfl 

6e3onacHocTM ocymecTBneHnn MsaecTHoro 
cnocooa nepeMeujMBaHMn. npecc-nopoujKM, 
nonynaeMbie no ASHHOMy cnoco6y, HMeiOT 
HeAocTaTOMHyio HacbinHyio nnoTHocrb m He 
o6naAaioT TeKynecTbio, h8o6xoammoR Ann Toro, 
MTo6bi npMMeHnTb era b aBTOMaTH3npoBaHHOM 
npon3BOACTBe MOX-TonnuBa, h 

Heo6XOAHMOCTb BBOfla 

rpaHynnpoBaHun npecc-nopoiuKa Ha CTaAMM 
npeccoBaHHn Ta6neTOK, noHiwan 
npon3BOAHTenbHOCTb naroTOBneHnn 
MOX-TonriMBa m yBe/iMHMBan 3Hepro3aTpaTbi. 
KpoMe Toro, ncnonbsoaaHne M3BecTHoro 
cnocooa moxbt npMBecTM k noBbimeHHOMy 
3arpn3HeHMio cm ecu nopoiuKOB npuMecnMM, 
HanpMMep xcenesoM ao 1000 ppm, 
o6pa3yioinnMcn 3a chbt HaTMpaHkin MamnTHbix 
urn. 

OchobhoA TexHMHecKofl 3aAaHefl 
HacTonmero M3o6peTeHMn nB/ineTcn noBbitueHMe 
AUcnepcHOCTn, HacunHoR Maccbi, TeKynecTM 
no/iywaeMOM CMecu nopoujKOB m paBHOMepHocru 
nepeMeiunBaHMn KOMnOHeHTOB no BceMy 
o&beMy nopoujKa, noBbnueH^ie 

npon3BOAHTenbHOCTM npoi<ecca u ooecneMeHne 
HAepHoCi 6e3onacHOCTM npM cm6UJMB8hmm . 

nocTasneHHan 3aAana AOCTuraeTcn tbm, hto 
comacHO cnocoCy BKnicNaiomeMy 3arpy3Ky b 
KaMepy CMecMTenn nopoiuKOB okchaob ypaHa m 
nnyTOHun n MamnTHUX urn, CMeiunBaHne 
nopoujKOB okcmaob ypaHa n nnyTOHun c 
noMoiAbio MamnTHbix Mm, nepeMemaroiuMXcn b 
KaMepe new B03AeMCTBneM nepeMeHHoro 
MarHMTHoro nonn, npeccoBaHue cMecu 
nopoujKOB b Ta6jieTKy n cneKaHne TaBneTOK, 
KaMepy 3anoriHnK)T Ha 70% - 90% ee o6beMa 
nopoiUKaMM okcmaob ypaHa, nnyTOHun n 
MamnTHWMM MrnaMM, npw 9tom oTHOiueHMe 
cyMMapHoW Maccbi nopoujKOB okcmaob ypaHa n 
nnyTOHun k Macce MamnTHbix Mm 3aAaioT ot 
0,30 ao 0,65, npeMMymecTBeHHO ot 0,40 ao 
0,50, saTeM KaMepy BMecTe c nopoiUKaMM m 
MamMTHUMM MrnaMM noABepraioT myooKOMy 
oxna>KAeHMK3 w npoBOAnT cMetUMBaHMe 
nopoujKOB 

nocTaaneHHan 3aAana AOCTMraeTcn Taioce 
TeM, MTO B MaCTHblX BapMaHTax BbinOJIHeHMn 
cnocooa CMeuJMBaHMe npoM3BOAST ao 
AOCTMxeHMn HacbinHoR nnoTHOcTM ot 2,2 
r/cM 3 ao 2,6 t/cm 3 b TeMeHMe 2-5 MMHyT, 
oxnajKAeHMe KaMepbi c nopoiUKaMM okcmaob 
ypaHa m nnyraHun m MamMTHbtMM MrnaMM 
ocyiqecTBnnioT xcmakmm a30TOM, MamMTHue 
Mrribi M3roTOBnnioT M3 MaTepMaria c TBepAOCTbio 
no LUKane PoKBenna ot 69 ao 71 eA, 
KCOpi^eTMBHOM cmjiom ot 60 AO 770 spcTeA, 
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HanpMMep m CTann 38XMKDA, v\m cranu 
7Xr2BM, hjim cteuim OX14Ari2, mum CTanM 
IOHAK35T5, a BHyTpeHHHH noBepxHocrb KaMepu 
CMecMTenn MMeeT b nonepeHHOM vt npoflonbHOM 
ceMeHMflx (fcopMy oBana. 

Ma cpMr. 1 npMBeAeHa o6iu,afl cxeMa 
ycTpoMCTBa Ann CMeiuMBaHMn nopoujKOB no 
npeAnaraeMOMy cnoco6y. 

Ha cpMr.2 npuBefleina MMKpocTpyicrypa 

TaOJieTOK, nOJiyMeHHblX B COOTBeTCTBMM c 

npoTOTMnoM (a) m npeflnaraeMUM cnocoobM (6). 
Cnoco6 ocymecTBiiflioT cneflyiomMM 



MaTepMa/i - nopoujKM 
oKCMflOB ypaHa m nnyraHMn - noweinaicrr b 
KaMepy CMecMTenn, BHyTpeHHMM o&beM kotodom 
MMeeT b nonepeMHOM m npoflonbHOM ceMeHMflx 
cpopMy oaana (cpMr. 1), M3roTOBneHHyio M3 
HeMamtiTHoro MaTepMana, HanpMMep M3 TMTaHa. 
Tyaa *e 3acbinaioT MamMTHbie Mrnu. 3aTeiu 
KaMepy CMecMTenfl c MamMTHbiMM MrnaMM m 
nopoLUKaMM okcmaob ypaHa m nnyTOHMfl Ha 
HecKonbKO MMHyT norpyaraioT b xnaflareHT, 
HanpMMep xmakmm a30T, m cpaay nocne ototo 
noMemaioT Mewny aneicrpoMarHMTHUMM 
MHflyKTopaMM. npM noflaMe aneiaponMTaHMn Ha 
MKOyiaopbi b icahtepe cMecMTena BoaHMKaeT 
cno)KHoe pe3ynbTMpyioinee MamMTHoe none, 
npMBOAfiiiiee b MHTeHCMBHoe flBMKeHMe 
MamMTHbie Mrnu, nocpeflCTBOM Koropux m 
npoMcxoflMT o6pa6oTKa wcxoflHoro BemecTBa. 

Mcxoahnm MaTepManoM Ann o6pa6oTKM no 
npeflnaraeMOMy cnoco6y 6una Bbi6paHa cMecb 

nOpOliJKOB UO2 M Pu0 2 B COOTHOliieHMM 75% : 

25% no Macce b KoriMMecTBe 5,3 Kr. HacunHafl 
nnoTHOCTb CM6CM 6una paBHa 2 t/om 3 . Macca 
MarHMTHbix urn, uraroToaneHHbix M3 cTa/iM 
38XMKDA, cocraBuna 10,6 Kr. npM stom 
cooTHOLueHne Maccu CMeujMBaeMbix noponiKOB 
k Macce MamMTHbix Mm cocraBMno 0,5. 3tm 
KonnMecTBa CMeujMBaeMbix nopouiKOB m 
MarHMTHbix Mm 6binM paccMMTaHbi aapaHee Ann 
Toro, HToSbi KaMepa CMecMTenfl, MMeioujafl 
o&beM 4,5 n, 6una aanonHeHa Ha 90%. 
nopoujKM OKCMflOB ypaHa m nnyTOHMn c 
MamMTHbiMM MrnaMM 3acunanM b KaMepy, 
repMeTM3MpoBariM m norpyxanM b JKMflKMM a30T. 
nocne oxnaxfleHMfi b xcmakom asoTe b TeneHMe 
5 MMHyT KaMepy co CMecbio nopouiKOB m 
MarHMTHbix Mm noMema/iM b cMecMTenb m 
npoBOflMnM onepauMio nepeMeuJMBaHMfl, 
M3MenbMeHM» m yruioTHeHMn npecc-nopotuica b 
TeneHMe 5 MMHyT. 3aT6M KaMepy M3aneKanM M3 
CMecMTenn, oxnaacflanM b TeneHMe 20 MMHyT, 
OTKpbiBanM m OTflenfinM nonyMeHHyio CMecb 
nopoujKOB ot Mm c noMombio cmt, nocne Mero 
onpeflensuiM HacunHyio nnoTHOCTb m Texy^ecTb 
nojiyneHHoro npecc-nopoujKa. Ohm cocTaBM/iM 
cooTBeTCTBeHHO 2,4 r/cM 3 m 8,0 r/c. Ann 
onpefleneHMfl cc-flepxaHMH nnyTOHMfl m 
paBHOMepHocTM era pacnpefleneHMfl b 
npecc-nopowKe cny^aMHbiM o6pa30M 6bino 
OTo6paHO 5 npo6 no 0,2 r M3 pa3Hbix MecT 
o&beMa nopoiLKa m MCcneflOBano MeraflOM 
KyjlOHOMeTpMM c KOHTponMpyeMbiM 

noTeHmianoM. no pe3ynbraTaM n$rm M3MepeHMfi 
cpeflHee 3HaMeHMe coflepxaHMn Pu b nopoujKe 
cocraBMno 25,00 + 0,05%. 

k)3 nonyMeHHoro npecc-nopouiKa Ha 
ruflpaBJiMMecKOM npecce npeccoBann TaoneTKM 
npw flaaneHMM 3 t/cm 2 , KOTopue 3aTeM cneitanM 
b uiaxTHOM BaxyyMHOM aneiaponeMM 
conpoTMBneHMfl CLUB3 - 1 .2,5/25 H3, b kotodom 
npeflycMOTpeH npoflyB ra3a. 

CneiaHMe TaSneTOK npoeoflMJiM e 



aproHOBOflopoflHOM cmbcm c coflepxaHMeM 
BOflopofla - 7% 06 no cneflyioineMy 
TeMnepaTypHOMy pexcuMy: 

- HarpeB co CKopocrbio 600°C/m flo 1 750°C; 

- BWflep)KKa npM 1750°C ± 5°C b TeweHMe 
flByx MacoB; 

- oxna^fleHMe co CKopocTbio 600°C/m flo 
KOMHaTHofi TeMnepaTypw; 

- BbirpysKa cneHeHHbix Ta6rieTOK. 
CneMeHHbie Ta&ieTKM MccneflOBariM c 

noMombio MeTannorpacpMHecKoro aHariM3a. 

3KcnepMMeHTaxibH0 nony^eH pan 
onTMMaribHbix napaMeTpoB cnocoSa, 
nosBonniomMX noBbicMTb paBHOMepHOCTb 
nepeMeuJMBaHMfl, MSMenb^eHMe, HacunHyio 
Maccy, TeKywecTb npecc-nopoiUKa m 
npoM3BOfl»rrertbHOCTb npoi^ecca. 

MaCTb MarHMTHbix Mm nOfl flOMCTBMeM 

6erymeM cocTaBJinioifleM MamMTHoro nonn, 
nepeMemaeTcn b crapoHy era flBuxeHMn m 
nocTeneHHO CKaruiMBaeTcn b HM)KHeM yrny 
KaMepu ujTaTHoro CMecMTenn, MMeiou^eM cpopMy 
npflMoyroribHoro napannenenMnefla. 3to 
npMBCflMT k HepaBHOMepHOMy pacnpefleneHMio 
MarHMTHbix Mm no o6~beMy pa6meR KaMepu m 

CHMJKeHMIO npOM3BOflMT3J1bHOCTM 

nepeMeuJMBaHMfl. C n.enbio McuniweHMH 
flaHHoro nsneHMfl BHyTpeHHMM oebeM KaMepu 
CMecMTenn flnfl ocymecTBneHMn 3aflBnneMoro 
cnocooa MMeeT b nonepeHHOM m npoflonbHOM 
ceneHMflx cfeopMy OBana (cpMr.1), 3a cweT Mero 
MarHMTHue Mrnu a npoi4ecce nepeMeuJMBaHMfl 
6ecnpennTCTBeHHO yBneioioTCfl mbthmthum 
norieM bo BceM o&beMe KaMepu CMecMTenn. 
KpoMe Toro, Bu6paHHafi cpopMa KaMepu 
CMecMTenn yflOEtneTBopneT TpeCoBaHMflM 
flflepHOM 6e3onacHocTM, mto Heo6xoflMMO npM 
pa60Te c MOX-TonjiMBOM. 

3KcnepMM6HTaribH0 6ujtm ycraHOBneHU 
ycnoBMfi MMHMManbHoro HaTMpaHMfl xceneaa m 
yaeriM^eHMfl npoM3BOflMTeribHocTM npou,ecca 
nepeMeuJMBaHMfl m M3MenbneHMfl nopomica. 

B pe3yjibTaTe MaTepManoM flnn 

MSrOTOBJieHMfl MarHMTHbix Mm 6bU1M Bu6paHu 

cn/iaBU 38XMIOA, 7Xr2BM, OX14An2 m 
(OHflK35T5. 3tm cnnaBU xapaKrepM3yioTCfl 

BUCOKOM K09pU,eTMBHOM CMJIOM M OCT3TOMHOM 
MHflyKL^MeM M COOTBeTCTBeHHO BUCOKOM 

MamMTHOM 9HeprMeM. Kospi^eTMBHan CM/ia 
cruiaBOB B 10-20 pa3 BUiue, hom y 

3a3BT6KTOMflHOM CT3JIM UJX15. KpOMe TOTO, 

BuCpaHHue cnnaBU ooriaflaioT noBumeHHOM 
TBepflocTbio Rc=69^71 efl. 

npoM3BOflMTejibHocTb npeccoBaHMfl 

TOrUlMBHblX Ta6JieTOK 33BMCMT OT HacunHOM 

njnoTHOCTM m TeKyHecTM npecc-nopoujKa. Bujim 
onpefleneHU napaMeTpu 3arpy3KM 
o6pa6aTUBaeMora MaTepMana m MarHMTHbix Mm 
b KaMepy CMecMTenn flnfl noBuweHMfl HacunHOM 
nnoTHOCTM m TeKynecTM npecc-nopoujKOB. 
y CTaHOBJieHO , mto ynnoTHeHMe MaTepMana flnfl 
yBenM^eHMfl HacunHOM nnoTHOCTM m TeKynecTM 

nODOUJKOB npOMCXOflMT npM COOTHOUJeHMBX 

Maccu nopoujKa k Macce MarHMTHbix Mm, 
HaxoflflmeMCfl b MHTepBane ot 0,30 flo 0,65, m 
3anonHeHMM KaMepu CMecMTenfl Ha 70% - 90% 
no ofoeMy. 

XapaKTepMCTMKM npecc-nopoiuKOB, 
nonyMeHHUx no cnoco6y nporaTMna m 
3aflanneMOMy cnoco6y, m cneneHHux TaoneTOK, 
M3rOTOBJieHHUX MS HMX, B cpaBHeHMM npMBefleHbi 
b Ta6nM4e m Ha d>nr.2. 

H3 Ta6nMU,u m a>Mr.2 bmaho, mto 
npeflnaraeMUM cnoco6 no3BonneT nonyMaTb 
MenKOflMcnepcHue, nnoTHue npecc-nopouJKM, 
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o6/iaflaK)i4Me BbicoKovi TeKynecrbK), M3 KOTopux 
Ta6neTKM c 
4 ruiyroHMH (cpwr.2) 
aa cmot noBbiujeHHofl aKTHBHOCTM nopoujKa npn 
oneKaHMM. 

Hcnonb30BaHne npeAnaraeMoro cnocooa 
nojiyHeHMn roMoreHHoro HAepHoro ToruiMBa 
o6ecneHMBaeT no cpaBHeHwo co cnoco6oM 
npoTOTMna HOBbifi TexHiiMecKMii pe3ynbTaT: 

1. no3BonfieT nonynaTb npecc-nopowKM c 
BbiooKofl TexyMecTbio m HacbinHofi njioTHOCTbio, 
mto noBbiiuaeT npon3BOAMTenbHOCTb 
npeccoBaHMfi Ta6/ieT0K MOX-TonnnBa Ann 
peaKTopoB Ha TennoBbix h Bbicrpbix HeftTpoHax. 

2. no3BonaeT nonyMaTb npecc-nopowKM c 
paBHOMepHO pacnpefleneHHbiMM no BceMy 
oGbeMy MenKOflncnepcHbiMn MacTHijaMM 

KOMnOHOHTOB, MTO n03BOJlfleT M3rOTOBJlflTb 

Ta6neTKn MOX-rannuBa c roMorsHHUM 
pacnpeaeneHMeM nnyTOHun Ha MMKpoypoBHe. 

3. noBbiujaeT npon3BOAHTenbHOCTb 
npnroTOBneHMfl npecc-nopoujKOB MOX-TonnwBa. 

4. OoecneMMBaeTcn BunoriHeHMe 
Tpe6bBaHM« no HAepHoH 6e3onacHOc™ npw 
pa6oTe c pafluoaicTHBHbiMM MarepnanaMM. 

HCTOHHMKM MHCfcOpMaLJMM 

1. MoxoBa B.A. npoMbiwneHHoe 
npon3BOACTBo m onbiT 3KcnnyaTai^MM 
(U,Pu)0 2 - TonriMBa b peaicropax LWRM. 
MHMHATOMMHCpopM. - 1991, BbinycK 20, 0.26 h 
27. 

2. PeujeTHMKOB 0>. I"., Gn6nnaujBnnn IO.K. n 
Ap. Pa3pa6oT<a, n pon3BOflCTBO n aKcnnyaTaLjiwi 
TennoBbiAeriflioinMX aneMeHTOB SHepreTHMeciaix 



peaKTopoB. B 2 kh. Kh. 1. 



M.: 



3HeproaTOMM3AaT, 1995, c.110. 

3. naTBHT RU 2122247, MKM 6 G 21 C 21/00 
- npoTOTun. 

(PopMyna M3o6peTeHnn: 



1. Cnocoe nonyMeHMfl ypaH-nnyTOHneBoro 
fiAepHoro TonriMBa, BKnioMaiomnfi 3arpy3Ky b 
KaMepy CMecMTenn nopowKOB okchaob ypaHa m 
nnyroHMfl n MamnTHbix urn, CMetuMBaHne 
nopoiUKOB OKCMflOB ypaHa h nnyTOHun c 
noMou^bio MarHHTHbix vim, nepeMetnaioLAiixcfl b 
KaMepe nofl B03AeBcTBneM nepeMeHHoro 
MamnTHoro nonn, npeccoBaHHe CMecu 
nopoujKOB b Ta6neT«y v\ cneKaHwe Ta6neTOK, 
omimaiomiiRofl tsm, mto KaMepy 3anonHnioT Ha 
70 - 90% ee oGbeMa nopoiuKaMM okcmaob 
ypaHa, nnyTOHun m Man-iHTHbiMH urnaMH, npn 
9tom OTHOujeHne cyMMapHOfl Maccbi nopoiUKOB 
okcmaob ypaHa v\ nnyTOHun k Macce MamnTHbix 
urn 3aAaiOT ot 0,30 ao 0,65, npeMMymecTBeHHO 
ot 0,40 AO 0,50, 3aTeM KaMepy BMecre c 
nopoiuKaMM w MamnTHbiMM umaMW noABepraioT 
rnyobKOMy oxnajKAeHwo v\ npoBOAflT 



2. CnoooS no n. 1 , OTJinMaiomuBcfl TeM, mto 
CMemnBaHne npoiraBOAHT AP APCTMXceHVifl 
HaobinHoii nnoTHOcru CMecu ot 2,2 ao 2,6 r/cM 3 . 

3. Cnoco6 no n. 1 , OTnnMaK)iAM«cn TeM, mto 
CMeiudBaHMe npoMSBOAflT b TeneHne 2-5 mmh. 

4. Cnoco6 no n. 1, OTiiMMaioiuMflcn TeM, mto 
oxnaxfleHne KaMepu c nopowKaMH okcmaob 
ypaHa n nnyTOHun v\ MamnTHbiMM urnaMH 
ocyiAecTBnflioT xchakmm asoroM. 

5. Cnoco6 no n. 1 , OTTiMMaiomnKcn TeM, mto 
MamnTHbie Hmu KoroTOBnaioT W3 MaTepnana c 
TBepAOCTbio no iiiKane Porae/ina ot 69 ao 71 
efl. n Koapt^erMBHoii cmioii or 60 ao 770 apcreA. 

6. Cnoco6 no n. 5, OTnuMaioiAMftcn TeM, mto 
MamnTHbie nrribi nsroToanfiKjT us CTann 
38XMKDA, v\m CTann 7Xr2BM, win CTann 
OX14AT12, mjim CTajiM (OHflK35T5. 

7. Cnocoe no n. 1, oniMMaiomnHcfl TeM, mto 
BHyTpeHHnfl noBepxHOCTb KaMepu cMecMTenn 
MMeeT b nonepeMHOM v\ npQAonbHOM ceMeHunx 
0opMy OBana. 
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Abstract of RU 21 83035 (C2) 

atomic engineering; nuclear fuel production from mixture of uranium and plutonium oxides. 
SUBSTANCE: method includes charging the chamber with uranium and plutonium oxide powders and 
magnetic needles, mixing up these powders by means of magnetic needles, compressing mixture 
obtained to form pellets, and sintering the pellets. Magnetic needles are moving within chamber under 
action of variable magnetic field. Uranium and plutonium oxide powders and magnetic needles fill up to 
70-90% of chamber volume. Ratio of total mass of uranium and plutonium oxide powders to that of 
magnetic needles is set between 0.30 and 0.65, mainly between 0.40 and 0.50% Then chamber filled 
with powders and magnetic needles is subjected to deep chilling and powders are mixed up. In the 
process powders are finely dispersed, loose mass is uniformly mixed up, and fluidity of molding powder 
is increased. EFFECT: enhanced process efficiency, improved nuclear safety for personnel engaged in 
mixing up powders. 6 cl, 2 dwg, 1 tbl 
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(54) A method for homogeneously mixing a uranium/plutonium mixed oxide 



(57) A method for homogeneously mixing a urani- 
um/plutonium mixed oxide which is used for the prepa- 
ration of a uranium/ plutonium mixed oxide fuel. The 
method comprises weighing a uranium oxide powder, a 
plutonium oxide powder, and a dry recovered powder 
prepared by grinding a uranium/plutonium mixed oxide 
sinter so as to give a predetermined plutonium enrich- 



ment; roughly mixing these powders together by means 
of a mixer; pulverizing and homogeneously mixing the 
roughly mixed powder by means of a jet mill (16); dis- 
charging the homogeneously mixed powder together 
with compressed air from the jet mill; and separating the 
mixed powder from the air by means of a first-stage cy- 
clone (18) to recover at least 90% of the discharged 
powder. 
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Description 

[0001] The present invention relates to a method for 
homogeneously mixing a uranium/plutonium mixed ox- 
ide powder, and more particularly to a method wherein 
a plurality of powders having different densities (specific 
gravities), such as a uranium oxide powder, a plutonium 
oxide powder, and a dry recovered powder, are homo- 
geneously mixed together by means of a jet mill and are 
withdrawn in a homogeneously mixed state. This tech- 
nique is useful for the preparation of uranium/plutonium 
mixed oxide pellets. 

[0002] The preparation of a uranium/plutonium mixed 
oxide (MOX) fuel involves the steps of weighing prede- 
termined amounts of a uranium oxide (UOa) powder, a 
plutonium oxide (Pu0 2 ) powder, a dry recovered pow- 
der prepared by grinding a uranium/plutonium mixed ox- 
ide sinter (a powder prepared by grinding sintered ura- 
nium/plutonium mixed oxide pellets having, for exam- 
ple, defective appearances, i.e., scrap pellets), and the 
like so as to give a predetermined plutonium enrichment 
(percentage addition) and homogeneously mixing the 
powders. A ball mill or an attritor mill has hitherto been 
used in the step of homogeneously mixing the uranium/ 
plutonium mixed oxide powder. 
[0003] In the ball mill, the feed and recovery of the 
powders are carried out in such a manner that the pow- 
ders in a vessel are poured as such into the mill and, 
after the mixing, the homogeneous powder mixture in 
the mill is recovered in the vessel by tilting the mill. This 
method is advantageous in that the powders can be sat- 
isfactorily homogeneously mixed together and that the 
operating conditions (number of revolutions and time) 
can be readily set, so that it has hitherto been extensive- 
ly used in the art. The method, however, suffers from 
low mixing efficiency and the necessity for mixing for a 
long period of time. Further, the size of the apparatus 
has been increased for the throughput. In particular, in 
the preparation of a plutonium-containing nuclear fuel 
material, the apparatus should be installed within a 
glove box. Therefore, the apparatus is restricted by the 
size of the glove box and the consideration of mainte- 
nance, so that a large-sized ball mill cannot be installed. 
An additional problem involved in trie ball mill is that the 
treatment should be carried out batch-wise. 
[0004] On the contrary, in the case of the attritor mill, 
the feed and recovery of the powders are carried out in 
such a manner that the powders are fed into the mill 
while vibrating the powders by means of a vibration 
feeder and that the resultant homogeneous powder mix- 
ture is discharged from the mill through piping. In this 
case, the treatment can be carried out continuously, is 
suitable for treatment of large amounts of powders, and 
can be carried out with high mixing efficiency. As with 
the ball mill, however, the attritor mill has a rotating sec- 
tion driven by a motor and hence is poor in maintenabil- 
ity. Further, since heat of friction is generated during mix- 
ing, a cooling mechanism should be provided in order 



to prevent oxidation of the uranium/plutonium mixed ox- 
ide powder. This poses an additional problem that the 
size of the apparatus should be further increased. Fur- 
thermore, due to the construction of the mill, the pow- 
5 ders are likely to stay within the mill, leading to an in- 
creased exposure dose. 

[0005] As well known in the art, jet milling is a method 
for pulverizing a powder. A jet mill is an apparatus 
wherein particles are accelerated with the aid of a high- 

io speed gas stream to allow the particles to collide with 
one another to conduct pulverization. The jet mill is ad- 
vantageous in that continuous treatment and mass 
treatment are possible, that the generated heat of fric- 
tion can be immediately removed, that the size of the 

is device can be reduced, and that the maintenability is 
good. For these reasons, the jet mill has been used, for 
example, for pulverizing uranium/plutonium mixed oxide 
pellets having defective appearances (scrap pellets) to 
prepare a dry recovered powder. The jet mill, however, 

20 has not been used for homogeneously mixing a urani- 
um/plutonium mixed oxide powder. 
[0006] The jet mill is equipment which has been orig- 
inally intended to be used for the pulverization of a ce- 
ramic powder but has not been extensively used for mix- 

25 ing purposes. This is because although the jet mill has 
the function of mixing the powder, a possible range of 
mixing is limited. The reason for this is as follows. In the 
jet mill, the powders are fed and discharged in a manner 
utterly different from that in the case of the above-de- 

30 scribed ball mill and the like. Specifically, the powders 
are fed into the jet mill with the aid of compressed air 
and, after the pulverization, the mixture of the pulverized 
powder with the air stream is discharged from the jet mill 
and then separated into the powder (solid) and the gas 

35 by means of a cyclone, a bag filter or the like, followed 
by the recovery of the separated powder only in a ves- 
sel. 

[0007] In the above-described method for feeding and 
discharging powders using the jet mill, when powders 

40 having different compositions with different densities 
are mixed, unfavorably the dissimilar powders thus 
mixed are separated again into one another due to their 
difference in density in the course of the separation of 
the solid from the gas after the discharge. This leads to 

45 a variation in the composition of the resultant powder 
mixture. Therefore, the contemplated homogeneous 
mixing cannot be achieved. For this reason, the jet mill 
has been used in most cases in pulverization of ceramic 
powders having one and the same composition (for ex- 

50 ample, a powder prepared by crushing a sinter forming 
a solid solution on an atomic level) and the like, but has 
not been used in applications where dissimilar powders 
having different densities are homogeneously mixed to- 
gether (mixing while pulverizing). 

55 [0008] As described above, in the preparation of a 
uranium/plutonium mixed oxide fuel, a uranium oxide 
powder, a plutonium oxide powder, a dry recovered 
powder and the like should be homogeneously mixed 
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together while pulverizing. If the homogenization-mixing 
is unsatisfactory, a portion rich in the plutonium compo- 
nent, called a "plutonium spot", is created within the sin- 
tered pellet. The presence of such a plutonium spot 
causes this portion to intensively undergo fission during 
exposure of the pellet, creating a high-temperature hot 
spot. The plutonium spot present within the pellet has 
no significant influence. On the other hand, when the 
plutonium spot is present around the surface of the pel- 
let, that portion becomes hot, greatly affecting a metallic 
cladding tube. In particular, the rise of the spot temper- 
ature sometimes causes the cladding tube to be melted, 
leading to a serbus trouble, that is, fuel failure. For this 
reason, the size of the plutonium spot and the plutonium 
concentration of the pellet are strictly restricted, so that 
preferably the plutonium concentration should be as uni- 
form as possible and the diameter of the plutonium spot 
should be as small as possible. 
[0009] Various powders used in the preparation of a 
uranium/plutonium mixed oxide fuel are significantly dif- 
ferent from one another in powder density. Specifically, 
the density of the plutonium oxide powder, the lowest- 
density powder, is about 2 g/cc, whereas the density of 
the dry recovered powder, the highest-density powder, 
is about 6 g/cc, that is, three times larger than that of 
the lowest-density powder. For this reason, when the jet 
mill is used, although the homogenization-mixing per se 
in the jet mill can be successfully carried out without pos- 
ing any problem, the powders are again separated into 
one another due to their density difference in the course 
of the separation of the powder mixture from the gas 
afterthe discharge from the mill. Therefore, a plutonium- 
rich portion and a plutonium-lean portion are created in 
the powder, so that the contemplated satisfactory ho- 
mogenization cannot be achieved. 
[0010] According to the present invention, there is 
provided a method for homogeneously mixing a urani- 
um/ plutonium mixed oxide comprising: weighing a ura- 
nium oxide powder, a plutonium oxide powder, and a dry 
recovered powder prepared by grinding a uranium/plu- 
tonium mixed oxide sinter so as to give a predetermined 
plutonium enrichment; roughly mixing these powders to- 
gether by means of a mixer; pulverizing and homoge- 
neously mixing the roughly mixed powder by means of 
a jet mill; discharging the homogeneously mixed powder 
together with compressed air from the jet mill; and sep- 
arating the mixed powder from the air by means of a 
first-stage cyclone to recover at least 90% of the dis- 
charged powder. 

[001 1] The reason why at least 90% of the discharged 
powder is recovered at once by means of a first-stage 
cyclone is that, even when there is about three times as 
great a difference in density, the powders are less likely 
to be re-separated from one another in the course of 
recovery. The recovery of at least 90% can be realized 
by regulating the amount of the compressed air fed into 
the jet mill (by increasing the amount of the air to in- 
crease the speed of the air stream). Alternatively, this 



can be attained also by varying the configuration of the 
first-stage cyclone, for example, by reducing the inner 
diameter of the cyclone or by increasing the length of 
the cyclone. 

s [0012] An example of the present invention will now 
be described in detail with reference to the accompany- 
ing drawings, in which: 

Fig. 1 is a process diagram for the preparation of 
10 uranium/plutonium mixed oxide fuel pellets; 

Fig. 2 is a diagram illustrating a homogenization- 
mixing process using a jet mill; and, 
Fig. 3 is a diagram showing the structure of one ex- 
ample of the jet mill. 

1S 

[0013] The preparation of uranium/plutonium mixed 
oxide fuel pellets is carried out according to a prepara- 
tion process as shown in Fig. 1 . At the outset, a uranium 
oxide powder, a plutonium oxide powder, and a dry re- 

20 covered powder (a powder prepared by grinding scrap 
pellets) are weighed so as to give a predetermined plu- 
tonium enrichment. Next, these powders are roughly 
mixed together by means of a mixer (though this step is 
unnecessary in the conventional method wherein a ball 

25 mill is used in the homogenization-mixing). In the stage 
of rough mixing, the powders having respective compo- 
sitions are merely mixed together without any change 
in the size of the particles. If pellets are prepared from 
this roughly mixed powder, the plutonium oxide particle 

30 portion, even by sintering, does not satisfactorily yield a 
solid solution with uranium oxide, causing the plutonium 
oxide component to be left as a dense portion (a pluto- 
nium spot). In order to minimize the plutonium spot and 
to uniform the plutonium concentration, it is necessary 

35 to finely grind the particles of each powder and to ho- 
mogeneously mix the fine powders. This step is called 
"homogenization-mixing." The powder is granulated af- 
ter the homogenization-mixing for facilitating the mold- 
ing, and the resultant granules are then molded into a 

40 desired shape and sintered to dissolve plutonium and 
uranium in each other to form a solid solution. After in- 
spection, the product serves as a uranium/plutonium 
mixed oxide fuel pellet. 

[0014] The step of homogenization-mixing by means 
45 of a jet mill according to the present invention is carried 
out by using a system as shown in Fig. 2. The roughly 
mixed powder is transferred to a storage tank 10 and 
then fed by means of a feeder 12 into a constant rate 
feeder 1 4. The roughly mixed powder is then transferred 
so from the feeder 1 4 at a constant feed rate, accelerated 
by compressed air, and fed into a jet mill 16, where pul- 
verization and mixing (homogenization-mixing) are car- 
ried out. The homogenized and mixed powder, together 
with the compressed air stream, is discharged from the 
55 jet mill 16, and the powder is separated from the air 
through a cyclone 18 and a cyclone 20 with a built-in 
bag filter. The powder is collected in a storage tank pro- 
vided at the lower parts of both the cyclone 18 and the 
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cyclone 20 with a built-in bag filter and recovered as a 
homogeneously mixed powder. This homogeneously 
mixed powder is then transferred to the following step 
of granulation. 

[001 5] In the jet mill, particles accelerated to approach 
the velocity of sound by means of compressed air of 6 
to 7 atm are allowed to collide with one another within 
the mill to pulverize the powder particles by utilizing the 
impact of the collision. In this case, mixing of dissimilar 
powders is simultaneously carried out. Fig. 3 shows an 
example of a suitable jet mill. The jet mills have various 
types of sizes and the one shown in Fig. 3 is of a vertical 
type. Besides this, there is a horizontal type jet mill like 
a particle accelerator. The roughly mixed powder is fed 
through a powder inlet 30, while the compressed air is 
fed through a compressed air inlet 32 The powder is 
accelerated by the compressed air, further accelerated 
by a Venturi nozzle 34, and fed into a mill body 36. Com- 
pressed air passed through a grinding nozzle 38 is 
blown into the mill body through the wall of the mill to 
permit the powder particles to collide with one another 
at violent speed near the velocity of sound in a mixing- 
pulverization zone 40. Thus, the particles are pulverized 
and at the same time are mixed together. The resultant 
pulverized powder is separated in a classification zone 
42 by a centrifugal force into coarse particles and fine 
powder. The fine powder is discharged through an out- 
put 44 outside the mill, while the coarse particles are 
returned to the mixing-pulverization zone 40. Thus, pul- 
verization and mixing are carried out. 
[0016] In the homogenization-mixing system shown 
in Fig. 2, the powders constituting the roughly mixed 
powder to be fed into the jet mill 16 are significantly dif- 
ferent from one another in powder density. Specifically, 
the density of the plutonium oxide powder, the lowest- 
density powder, is about 2 g/cc, whereas the maximum 
density of the dry recovered powder, the highest-density 
powder, is about 6 g/cc, that is, three times larger than 
that of the lowest-density powder. For this reason, de- 
spite the homogenization-mixing within the body of the 
jet mill 16, there is a possibility that the powders consti- 
tuting the homogeneously mixed powder are again sep- 
arated from one another due to their density difference 
in the course of the separation of the powder from the 
gas after being discharged from the jet mill. In the cy- 
clone 18, a powder having a relatively high density and 
a powder having a relatively large particle diameter are 
separated and collected in the tower part of the cyclone 
18, while, in the cyclone 20 with a built-in bag filter, a 
powder having a relatively low density and a powder 
having a relatively small particle diameter are separated 
and collected by the lower part of the cyclone 20. When 
the powder collected by the cyclone 1 8 and the powder 
collected by the cyclone 20 are recovered in the same 
vessel, the mixed powder has a plutonium-rich portion 
and a plutonium-lean portion, so that no desired results 
can be obtained. 

[0017] In order to evade this situation in the present 



invention, the recovery of the powder in the first-stage 
cyclone 18 is regulated to be at least 90%. The regula- 
tion of the recovery can be realized by regulating the 
amount of the compressed air fed into the jet mill (by 

s increasing the amount of the air to increase the speed 
of the air stream). The practical numerical value of the 
amount of the compressed air fed into the jet mill nec- 
essary for this end can be experimentally determined 
although it varies depending upon the size and structure 

10 of the equipment used. Besides this, varying the config- 
uration of the first-stage cyclone, for example, reducing 
the inner diameter of the cyclone or increasing the 
length of the cyclone, also enables the recovery of at 
least 90% of the discharged powder in the first-stage 

is cyclone. The reason why at least 90% of the discharged 
powder should be recovered in the first-stage cyclone 
is that this value has been experimentally found to be 
effective in preventing the re-separation of the powders 
constituting the uranium/plutonium mixed oxide powder 

20 and having three times as great a difference in density. 
[0018] The a autoradiograph of a pellet prepared by 
the homogenization-mixing in a jet mill according to the 
present invention was compared with that of a pellet pre- 
pared by the homogenization-mixing in a ball mill ac- 

25 cording to the prior art method. The "a autoradiograph" 
is a photograph prepared by pressing the pellet against 
cellulose and then conducting exposure and develop- 
ment. Since a portion that is richer in a-rays (that is, a 
portion that is richer in plutonium) destroys the cellulose 

30 structure more severely and looks black in the photo- 
graph, the diameter and amount of the plutonium spot 
can be observed. According to this method, in the case 
of the pellet prepared by using a roughly mixed powder, 
a large number of large black spots (plutonium spots) 

35 are observed, and the size of each spot is up to about 
0.3 mm. This state does not satisfy the requirements for 
the plutonium spot. By contrast, according to the method 
of the present invention, the plutonium spot is hardly ob- 
served and, if any, has a size on the order of about sev- 

40 eral |im, confirming that the method of the present in- 
vention using a jet mill can realize homogenization-mix- 
ing to an extent comparable to that attained by the ball 
mill. 

[0019] The method of the present invention is applied 
« to the homogenization-mixing of a uranium/plutonium 
mixed oxide powder. In addition, the method can be ap- 
plied also to homogenization-mixing of a uranium/gado- 
linia (Gd 2 0 3 ) mixed oxide powder or a uranium/plutoni- 
um/gadolinia mixed oxide powder. 
50 [0020] As being understood from the foregoing, ac- 
cording to the method for homogeneously mixing a ura- 
nium/plutonium mixed oxide by means of a jet mill, the 
treatment is carried out continuously, thus enabling 
treatment of the powders in a large amount, and hardly 
55 creates an adverse effect of the heat of friction during 
mixing (although this heat of friction is generated to 
some extent, the generated heat is immediately re- 
moved because mixing is carried out in a large amount 
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of an air stream), so that the powder is hardly oxidized. 
Further, regarding the system, the size of the apparatus 
can be reduced and the maintenance can be easily car- 
ried out, so that the apparatus can be easily housed in 
a glove box. Further, since there is no rotating section s 
driven by a motor or the like, no deposition of powders 
on the rotating section occurs and the frequency of fail- 
ures created by friction is small. Furthermore, the pow- 
ders hardly stay within the mill and the exposure dose 
is not increased, while there is no need to provide a cool- 10 
er. Furthermore, the homogeneity of the resultant mixed 
powder is comparable to that of the mixed powder pre- 
pared by homogenization-mixing using a ball mill. 



Claims 

1 . A method for homogeneously mixing a uranium/plu- 
tonium mixed oxide comprising the steps of: 

20 

passing a mixture of a uranium oxide powder, 
a plutonium oxide powder, and a dry recovered 
powder prepared by grinding a uranium/pluto- 
nium mixed oxide sinter so as to give a prede- 
termined plutonium enrichment through a jet 25 
mill to pulverize and homogeneously mix the 
powders; discharging the homogeneously 
mixed powder in a stream of compressed air 
from the jet mill; and, 

recovering at least 90% of the homogeneously 30 
mixed powder when passing the stream of pow- 
der and compressed air through a first stage 
cyclone. 

2. A method according to claim 1 , in which regulation 35 
of the recovery of the homogeneously mixed pow- 
der is achieved by controlling the amount of com- 
pressed air introduced into the jet mill. 

3. A method according to claim 1 or 2, further compris- 40 
ing the step of premixing the powders together be- 
fore feeding them into the jet mill. 

4. A method for homogeneously mixing a uranium/plu- 
tonium mixed oxide comprising: « 

weighing a uranium oxide powder, a plutonium 
oxide powder, and a dry recovered powder pre- 
pared by grinding a uranium/plutonium mixed 
oxide sinter so as to give a predetermined plu- so 
tonium enrichment; 

roughly mixing these powders together by 
means of a mixer; pulverizing and homogene- 
ously mixing the roughly mixed powder by 
means of a jet mill; ss 
discharging the homogeneously mixed powder 
together with compressed air from the jet mill; 
and, 



separating the mixed powder from the air by 
means of a first-stage cyclone to cover at least 
90% of the discharged powder. 
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